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Figure 2. Drain-Source Current vs Drain-Source Voltage Characteristics are shown for the split gate 
field-effect transistor at different gate-source voltages. 


and is controlled by applying either 0 or 
-10 volts to each of the gate electrodes. 
When -10 volts are simultaneously ap- 
plied to both gates, the transistor is con- 
ductive (ON), while any other combina- 
tion of gate voltages renders the 
transistor highly resistive (OFF). The p- 
type carrier charge mobility is about 5 X 
10 -4 cm 2 /V-s. The low mobility is attrib- 
uted to the sharp contours of the 
RRP3HT film between the drain and the 
source contacts, and to defects in the 
RRP3HT film itself. 

The device substrates are fabricated 
with a starting wafer that is n-type doped Si 
(10 ohm-cm), with a 200-nm thick, ther- 


mally grown oxide layer. First, the gate 
metals, comprising 20-nm Cr/100-nm Au, 
are vacuum deposited in a thermal evapo- 
rator and patterned using conventional 
photolithographic and liftoff techniques. 
Next, a 100-nm-thick silicon nitride 
(Si 3 N 4 ) film is deposited over this using 
chemical vapor deposition (CVD) . Access 
to the gate metallization is obtained by 
etching windows into the silicon nitride. 
The source and drain metallization, com- 
prising 20-nnr Cr/100-nm Au, is deposited 
on the CVD-grown silicon nitride on ei- 
ther side of the buried split gates using 
conventional photolithographic and liftoff 
techniques. The electrode “fingers” are 


about 20 microns wide and 600 microns 
long. The spacing between fire electrodes 
is approximately 4 microns. 

The split-gate architecture for logic 
circuitry is demonstrated via a two-input 
logic AND circuit. To create the device, 
a 10-Megohm load resistor is connected 
between the ground and the transistor 
source terminals, with the two gate ter- 
minals serving as the inputs. The output 
(ky is taken at the source terminal 
across the load resistor. A low frequency 
( 0.01 Hz) square-wave signal serves as 
the input gate bias. For all combinations 
of V GS i and V GS2 , except V GS i = V GS2 = -10 
V, the transistor is in the resistive “OFF” 
state, and -0.3 mV < V R < 0 V. For V GS i= 
V GS2 - 10 V, the transistor is in the more 
conductive “ON” state, causing a greater 
portion of the voltage drop to occur 
across the load resistor. As a result, V R is 
a more negative value (-1.8 mV< < 
-1.7 mV). 

When die device functions as an AND 
logic circuit, F^ S i and k^s 2 are functions of 
time, while corresponding change in the 
output of voltage 1^ is a function of time 
for the four possible combinations of Ihsi 
and lh S2 = 0 or -10 V. Larger outputs are 
observed only when both gates are simulta- 
neously biased “high.” 

This work was done by N. Theofylaktos and 
F.A. Miranda of Glenn Research Center; N.J. 
Pinto and R Perez of the University of Puerto 
Rico-Humacao; and C.H. Mueller • of Analex 
Corporation. Further information is contained 
in a TSP (see page 1 ). 

Inquiries concerning rights for the commercial 
me of this invention should be addressed to 
NASA Glenn Research. Center; Innovative Part- 
nerships Office, Attn: Steve Fedor, Mail Stop 4-8, 
21000 Brookpark Road, Cleveland, Ohio 
44135. Refer to LEW-1 82 14-1. 


High-Density, High-Bandwidth, Multilevel Holographic Memory 

Multiple terabytes could be read or written at a multigigahertz rate. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A proposed holographic memory system 
would be capable of storing data at un- 
precedentedly high density, and its data- 
transfer performance in bodi reading and 
writing would be characterized by excep- 
tionally high bandwidth. The capabilities of 
the proposed system would greatly exceed 
even diose of a state-of-the art memory sys- 
tem, based on binary holograms (in which 
each pixel value represents 0 or 1) , that can 
hold =1 terabyte of data and can support a 
reading or wilting rate as high as 1 Gb/ s. 


The storage capacity of the state-of-the- 
art system cannot be increased without also 
increasing the volume and mass of the sys- 
tem. However, in principle, the storage ca- 
pacity could be increased greatly, without 
significandy increasing the volume and 
mass, if multilevel holograms were used in- 
stead of binary holograms. For example, a 
3-bit (8-level) hologram could store 8 ter- 
abytes, or an 8-bit (256-level) hologram 
could store 256 terabytes, in a system hav- 
ing little or no more size and mass than 


does the state-of-the-art 1-terabyte binary 
holographic memory. 

The proposed system would utilize 
multilevel holograms. The system (see 
figure) would include lasers, imaging 
lenses and other beam-forming optics, a 
block photorefractive crystal wherein 
the holograms would be formed, and 
two multilevel spatial light modulators 
in the form of commercially available 
deformable-mirror-device spatial light 
modulators (DMDSLMs) made for use 
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in high-speed input conversion of data 
up to 12 bits. For readout, the system 
would also include two arrays of comple- 
mentary metal oxide/semiconductor 
(CMOS) photodetectors matching the 
spatial light modulators. The system 


would further include a reference-beam- 
steering device (equivalent of a scanning 
mirror), containing no sliding parts, 
that could be either a liquid-crystal 
phased-array device or a microscopic 
mirror actuated by a high-speed micro- 


electromechanical system. Time-multi- 
plexing and the multilevel nature of the 
DMDSLM would be exploited to enable 
writing and reading of multilevel holo- 
grams. The DMDSLM would also enable 
transfer of data at a rate of 7.6 Gb/s or 
perhaps somewhat higher. 

This work was done by Tien-Hsin Chao of 
Caltech for NASA’s Jet Propulsion Laboratory. 
Further information is contained in a TSP (see 
page 1). 

In accordance with Public Law 96-51 7, the 
contractor has elected to retain title to this inven- 
tion. Inquiries concerning rights for its commer- 
cial use sho uld be addressed to: 

Innovative Technology Assets Management 

JI J L 

Mail Stop 202-233 
4800 Oak Crave Drive 
Pasadena, CA 91109-8099 
(818) 354-2240 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO-42702, volume and number of 
this NASA Tech Briefs issue, and the page 
number. 
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Multilevel Holograms would be written to, and read from, the photorefractive crystal in this holo- 
graphic memory system. 
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